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FOREWORD - 


& description of some of the chemical methods emoloyed in the Labor- 


atory of the Division of Industrial Ey’iene, New York State Department of 


Labor were incorporated January 1, 1942, in a manual which has had a wide 
distribution. Eecause of a continuins demand for this material, the vresent 


revised edition has been prepare’ end is now available in mimeographed fort 


for distribution, without cherse to interested »ersons. 
Some of the methods described herein are original contributions by 


staff members; some are modifications of methods originally described by 


others, or improvements designed to make them more aylicasle to the needs 
a 
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oz field wort, 

The present issue is esseatieally a reprint of the former manual to 
which has been added an article “escribins a method recently developed in 
our laboratory for the determination of venzene in the presence of other 


aromatic hydrocarbons, 


Leonard Greenburg, uu. D, 
| Executive Director 
July 1, 1943 Division of Industrial Hygiene 


Instrumental methods 


I, Determination of organic vapors using the 


method of adsorption 


. hethod for the enalysis of dust and fumes 


for lead and gine 


_ Absorption of gases in liguids 


- Estimation of halogenated hydrocarbons in 


rs INSTRUMGSTAL moTHODS 


The industrial hy iene chemist is frecuently called unon to estimate 
the concentration of contaminating fumes and vapors in air, This is done 
so that the industrial environment may be judged as to whether or not it is 
detrimental to the workers’ health. The usval attack of the chemist is to 
absord the contaminant in some suitable medium and then estimate the 
contaminant vy quantitative chemical methods: gravimetric, volumetric, or 
colorimetric. In some few cases, a samole of the contaminated air itself 


is carried to the laboratorv there to be analyzec. for its content of foreign 
sudstance,. 


Within the vast Sew years several instruments have deen developed 
to supplement the activities of the chemist and to aid the industrial 
safety engineer in the determination of safe worting conditions. One such 
instrument is the carbon monoxide (CO) indicator. 


Carbon l:onoxide Indicator 
Carbon onoxide is a product of the incomplete combustion of carbon 
and of carbon compounds. It is a constituent of gas manufactured for 
industrial and home heatins. The chenist has several methods for estimat- 
ing the concentration of this toxic but odorless gas in air, but each of 
these is time consuming and so limits the number of snvecimens which he can 
take in any establishment in which 2 possible carbon monoxide hazard exists. 


A portable instrument which oermits almost innumerable tests to ve 
made in a short space of time consists of a motor and oumo to draw a stream 
of air, at a measured rate, through a Hopealite catalyst. This catalyst 
vermits the oreferential bvrning of the carbon monoxide to carbon dioxide, 
the excess air supplying the necessarv oxygen, The heat develooed during 
this burning is directly »roportional to the avantity of carbon monoxide 
burned. The increase in temperature due to the burning of the carbon 
monoxide is detected with a sensitive thermocowole which registers on a 
millivoltmeter which reads directly in hwndredths of one per cent (parts 
per 10,000) of carbon monoxide in the air tested. The instrument is also 
Supplied with a double scale galvanometer, the lower scale reading in 
thousandths of one ner cent, for testing air with lower concentrations of 
carbon monoxide, 


This instryment hes been found very useful in the testing of motor 
truck and bus cabs, garages, automobile repair shops, gas fired equipment, 
and wherever incomplete combustion of carbonaceous fuels is suspected, The 
facts that the indicator is vortable and gives an almost instantaneous 
reading of the carbon monoryide content of air are its chief advantages. 

The instrument must, however, be calibrated against a standard chemical 
method for estimating carbon monoxide at varicus times during its use in 
order to insure a reasonadle degree of accuracy. 
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Combustible Gas Indicator 

Another portable instrument which is finding industrial use is the 
combustible gas indicator. This consists of a small vacuum tan’: whose 
pressure is kept below atmoswheric by means of a hand operated asvirator 
bul». Air to be tested is drawn over a heated platinum filament which 
is one arm of a Wheatstone bridge, Combustible ges in the air is burned 
on the surface of the olatinum filament, raisins its temerature and 
therefore, its electrical resistance. The increase in resistance depends 
upon the heat evolved during the burning and therefore on the concentration 
of combustible gas present, The change in electrical resistance unbalances 
the Wheatstone bridge and allows a flow of current to register on a 
galvanometer, The meter is calibrated to read directly in per cent of the 
lowest concentration of the combustible gas (in air) which will produce an 
exolosion when ignited. Since a specimen of air to be tested may contain 
sufficient combustible gas to produce an explosion, the instrument is 
provided with flame arresters to prevent the setting off of the explosion 
by the heated filament. It has been found that a single meter calibration 
will s:ffice for all gases the orodvet of whose molecular heat of combustion 
and the lower explosive linit concentration is a constant (1). 


This instrument is most useful in testing air which contains a 
relatively high concentration of combustible vaoors which are relatively 
non-toxic. Such conditions are found in mines where the chief contaminant 
is methane, and in tanks which had contained petroleum or petroleum 
distillates. Testing of the latter will indicate if it is safe for men 
to enter or if necessary welds may be made with safety. For use in mines, 
an instrument reading in terms of per cent methane in air is available. 


With benzol as a contaminant in a workroom this instrument can serve 
only for exploration. The lower explosive limit concentration for benzol 
is 1.4 per cent. The lowest accurate reading on the combustible gas 
indicator is 2 per cent of that or about 300 parts per million. In 
concentrations of 100 parts ver million in air, and perhaps even less, 
benzol is hazardous because of its toxicity. The standard combustible 
as indicator is therefore, too insensitive to dif*erentiate between a 
low Dut toxic and a non-toxic concentration of benzol vapor. Because of 
this, a snecial instrument has been develoved for use with benzol, This 
instrument reads up to 1,000 parts ser million of benzol in air, each 
scale division representing a concentration of 20 parts per million. It 
will, however, react to all other combustible vapors, and will give the 
true concentration of benzol only in the absence of other combustible 
vapors, but can also be vsed with proper calibration to estimate lower 
concentrations of combustible vapors than with the standard instrument. 


Interferometer 
The interferomater is a delicate optical instrument which can be 
used to compare the refractive indices of two specimens of gas or liquid. 
The refractive index of a mediwa is the reciprocal of the relative velocity 
with which light can »vass throvgh that medium, the speed of light through 
vacuum being taken as 1, The more concentrated a medium becomes the lower 
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will be the sveed of light through it and, therefore, the higher its 
refractive index, =v comparing normal air with that encountered in an 
industrial environment, an estimate of its concentration of contaminants 
can be made. Unfortunately, not all impurities »roduce a marked change 

in the refractive index of air. Moreover, the instrument is non-specific: 
where several contaminants are present the reading obtained is due to the 
combined effects of all foreign substances. Wevertheless, the largest 
2ortadle instrument, having a gas chamber 50 cm. long, is valuable in 
industrial hygiene surveys since readings can be made quite rapidly. A 
large factory can be investigated and places with the highest concentrations 
of contaminants studied more completely with chemical methods designed for 
that purpose, 


Other Instruments 

Besides tre instruments described abdove there are several small, 
inexosensive devices for the estimation of other impurities in air. One 
such is the hydrogen sulnhide indicator. It consists of a hand operated 
aspirator bulb which draws a current of air to be tested throvgh a glass 
Capsule containing a chemical which becomes colored when it reacts with 
hydrogen sulphide. The degree of discoloration is a measure of the 
hydrogen sulphide content of the air, A carbon monoxide indicator much 
less sensitive than the one previously described and a cyanide detector 
operating on the same orincipvle are also commercially procurable. 


Instruments for the rapid estimation of foreim fumes and vapors 
in air are gaining in fevor among industrial and safety engineers. Ease 
of operation and the rapidity with which resyzlts are obtained make these 
instruments convenient tools for those who trv to maintain high safety 
Standards on their premises, With proper regard for their limitations 
they may also be used by the chemist for more precise plant investigations. 
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II, DSTERMTVATION OF ORGANIC VAPORS USING 
THE wSTHOD OF ADSORPTION 


In the first paver of this series on air analvsis (1), the inter- 
ferometer as an instrwasent for the determination of the vaoor content of 
the air in industrial environzents was described. The vse o* the inter- 
ferometer is based on its ability to detect differences in refractive index 
Detween normal and contaminated air. Since atmosvheric contaminants will, 
in general, sufficiently affect the refractive index of air, the inter- 
ferometer can be successfully emoloved for this purpose. 


One real advantage in using the interferometer consists in the 
rapidity with which determinations may be made. Unfortunately, this 
instrument is rather expensive and relatively few laboratories are, for 
this reason, able to possess one, tioreover, the instrument requires 
Calibration with known concentrations of the particular vapor in order to 
yield quantitative results. In an atmosnhere in which several contaminants 
are present an exact evaluation of the concentration of each by means of the 
interferometer is practically impossible because of differences in the 
effects of various vapors on the refractive index of air. In such a case, 
the total effect may be attributed to the most toxic material present, or 
the instrument may be »sed to determine the location of greatest total 
contamination in a ziven workroom, 


Another means for the estivnation of the concentration of vapors, 
especially those of organic solvents, is that of adsorption. wWethods for 
tne adsorption of solvent vaoors on activated charcoal have »%een described 
by #ieldner and others (2), Greenburg (3), and more recently by Cook and 
Coleman (4), These consist essentially of drawing the air to be analyzed 
at a measured rate over substances for the ourpose of removing moisture and 
carbon dioxide, and then through a tube of activated charcoal which has 
previously been heated, equilibrated with non-contaminated air, and weighed. 
After drawinz a known volume of air through the gas chain, the charcoal tube 
is reweighed. The weirs ‘ht of s»dstances adsorved is the difference in weight. 
This can then be calculated to give the concentration of contaminants in 
terms of milligrams per liter, or if only one substance is present, in parts 
per million of air. The concentrations can de exoressed in terms of parts 
per million even when several contaminants are oresent if the percentage by 
weight of each contaminant in the adsorbed vapor is lmown, 


Di?ficulties Encountered 

In using the charcoal adsorption method, several difficulties have 
arisen. One of these was the difficulty of arrivinz at the weight of a 
Blass tube filled with activated charcoal. Coo and Coleman report that 
the weight of a tube may be decreased by as much as 10 mg. by intensive 
wiping. This they attribute to additional moisture being removed from the 
glass, and recommend tating the weizht of the tube exactly three minutes 
after the beginning of the wiping operation. We have found that the rate 
of change in weight at that tire is so great that it is difficult to keep 
the Dalance in equilibrivm in order to obtain an exact weight at the 
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specitied time, An error of several seconds in talting the weight may 
produce an appreciable change in the recorded weight. iorever, we have 
found that the weight of a chercoal tube, whether taken three minutes 
after wiping is begun, or efter allowing the tuve to come to equilibrium 
with the laboratory air, will vary from day to day. “le have been able to 
demonstrate a change in weicht of as much as 21 mg, after a two day 
interval, During the same time a similar tube filled with Ascarite and 
Desicchlora showed a changé of weight of only one mg, Changes in weight 
of charcoal filled tuves were not consistent or vniform, those which had 
adsorbed some organic vapor showing the most pronounced variations. 

We have attributed the peculiarity in the action of the charcoal 
filled tuves to a high static electrical charge which can be put on them 
by even gentle rubbing, Apparently each granule o% carbon, especially 
when the surface is covered with adsorbed vapor with a high dialectric, 
acts as an elementary electrical condenser. A high-frequency discharge (5) 
was not found effective in removing the static charge. 


Another objection to the charcoal adsorption »rocedvre is the time 
taken to prepare tubes of activated charcoal for field use. More than 24 
hours may be required to equilibrate a tube with non-contaminated air. 


Use of Silica Gel 

Silica gel has been used for the adsorption of paraffin hydrocarbon 
vaoors (6) and for the adsorption of solvent vapors given off in spray 
painting (7), the latter with a rather complicated procedure wnaicn involves 
distilling the solvent away from the gel under reduced pressure, condensing, 
and weighing the condensate. We have found that tubes filled with silica 
gel, like those filled with Ascarite and Desicchlora, do not show the 
harised changes in weight on rubbing exhibited by charcoal fillec tubes. 


Activated charcoal ané silica gel as commercially prepared contain 
considerable quantities of adsorbed moisture and carbon dioxide. Instead 
of removing these substances by heating and equilibrating with dry, carbon 
dioxide-free air, we have introdyceé a weighed tube containing Ascarite 
and Desicchlora in the gas chain at a point immediately after the adsorp- 
tion tubes, These retain the carbon dioxide and moisture lost by the 
adsorbant during 4& field test. The vse of this tude removes the necessity 
of equilibrating the adsorbant tubes with non-contaminated sir, 


The adsorption train which we now use for field work (Figure 1) 
consists of five 150 nm, glass-stoppered Pyrex **U** tubes with one male 
and one female ground glass interchangeable connection on the side arms 
of each tube. The first tube contains a mixture of Ascarite (about 90%) 
and Desicchlora (about 10%) in the first limb and Desicchlora in the 
second limb, The second and third tubes are filled with eight to 16 
mesh silica gel. The fourth tube is similar to tube number one and the 
fifth is also similar but reversed, that is, the Desicchlora is in the 
first limo. Each limb of each tube is topved with a plug of glass wool, 
No lubricant is used on the ground glass connections, We employ two 
tubes of silica gel because we have found that two tubes are necessary 
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Figure l. 


Silica Gel Adsorption Train 


for efficient adsorption of organic vanors since silice ~el is less 


efficient than an equal volume of activated charcoal for that ourvose (wy 


The function of the first tube is to remove water and carbon dioxide 


from the air to be tested. The two tubes of silica gel adsorb the organic 
vanors from the air. The fourth tube absorbs the carbon dioxide and water 
lost by the silica gel as the dry, carbon dioxide-free air »asses over it. 
The last tube is a safety tube used to prevent the absorption of moisture 

and carbon dioxide if air shovld back into the train. The entire train is 
mounted on sponge rubber and is encased in wood for transportation in the 

field. 


Testing Procedure 

In making a test, the second, third and fourth tubes are rubbed 
well with a soft cotton cloth, allowed to come to equilibrivm with the 
laboratory air, and weighed to constant weight. At the same time, 
another tuve filled with either silica gel or Ascarite and Desicchlora 
is similarly treated. This twine is a blank, The train is assembled 
taken to the site of the test, and air at a rate of 20 liters ver hour, 
is drawn through the train. A flowmeter is placed in the line between 
the train and the suction sump for the meastrement of the volume of air 
sampled, The length of tive during which the air is samoled denends on 
the concentration of contaminant expected. The vsual sampling time is 
one to two hours, 


On returning to the laboratory, a stopcoc’ on each of the second 
and third tubes (each of which contains silica gel) and on the fourth 
tube (which contains Ascarite and Desicchlora) and on the blank is opened 
momentarily to permit equilization of pressure to take place. The stop- 
cocks are then closed and each tube is rubbed well, allowed to come to 
equilibrium with the laboratory air, and weighed to constant weight, If 
the blank tube has changed no more thar one mg., no correction is used, 
otherwise the blank correction is amolied to the weight of each of these 
tubes, The net change in weight of the three tubes in milligrams is 
divided by the volume of air in liters drawn through the train to give 
the concentration of contaminants in milligrams per liter of air. 


If several successive tests are to be run, duplication of the 
three center tubes of the train is necessary. The initial tube will 
remove the water and carbon dioxide from a considerable volume of even 
very humid air before requiring refilling. The silica gel is replaced 
when it has adsorbed 10% of its weight of contaminants although commercial 
Silica gel can be used beyond that without a breakdown (9). 


Processes Tested 
We have used this apparatus for the estiuation of solvent vapor 
concentrations in air in such processes as lacquer manufacture, lacquering 
and enameling, manufacture of rubber coated fabrics, manufacture of fused 
collars, degreasing, cementing, printing on cellophane, dry cleaning, etc. 
In degreasing processes using trichlorethylene as a solvent, our results 
were in excellent agreement with those obtained by averaging the results 
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of interferometer readings taken during the same period of tine. The inter- 


ferometer readings were made by mr, F, A, Patty of the Tidelit’ and Casualty 


Co. of New York. 


Where only a single contaminant is present in she air, its concen- 
trations as milligrams per liter can be calculated in terms of parts per 
million of air or can be read directly as such from the table prepared by 
the United States Bureau of ines (10). When several contaminants are 
present and rasid and comslete evavoration of the solvent occurs, the 
concentration of each contaminant in the air will tend to be »rovortional 
to its concentration in the liquid evanorated. When, however, incomplete 
evaporation occurs, an approximation of the proportion in the air of each 
volatile constituent can be made by calculations from its vapor oressure 
and the effect on its vaxor pressure of the other components. 


Laboratory determinations with known amounts of solvents and vsing 
this system of adsorption have showm vs that our maximum error is 3 mg. 
Taking a two hour samole (UO liters) and adsorbing a substance whose 
molecular weight is 100, the maximum error decomes less than 20 parts per 
million of air. The error may be reduced by using a longer sampling time. 
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III, WETEOD FOR AVALYSIS OF DUST AND FUMES 
FOR LiAD AND ZINC 


The use of lead-tin solder with zinc chloride flux is common »ractice 


in industries where soldering overations are carried out. In studving the 
atmospheric contaminants in  .lants using these materials it is desirable to 
have available methods for the determination of lead and zine that are rapid, 
Simple and accurate. 


A review of available methods for the estimation of small amovnts of 
these metals lead us to the conclusion that »ethods involving the use of 
diphenylthiocarbazone (dithizone) could satisfy these conditions (1), (2). 


for lead, the dithizone methods are generally of three types: 
(a) The comparison of the intensity of color produced by the lead-dithizone 
complex with that produced with ‘mow amovnts of lead, Such a procedure 
has been described by Harrold, Meek and Holden (3). (b) The comparison of 
the mixed colors produced when a definite bvt excess of dithizone is added 
to lead-containins solutions (4) , (5). (c) The titration o* dithizone that 
had been combined with the lead against a lead standard (6). 


The estisation of zine with dithizone has been done colorimetrically 
and by the titration of the zinc-dithizone complex with bromine (7) and by 
titration of a zine-containing solution with standardized dithizone, and 
indirectly by decomposing the zine-dithizone coimlex with acid, adding an 
excess of silver nitrate and titrating the excess with standardized dithizone 
(3). The latter method is similar in principle to that employed by 
Winkler (9) for the determination of mercury. 


All of the various colorimetric methods require the making of at 
least three comparison standards (since te color intensity is not 
proportional to the lead concentration), or the preparation of a calibration 
Chart, or the use of some special optical instrument. When but a single 
Samole is to be analyzed, these procedures become too time consuming. A 
Critical examination of these methods lead us to the belief that the 
titrimetric method described by Horwitt and Cowgill (6) is most readily 
applicable to the solution of our problem, This method requires no special 
apparatus and requires the preparation of but a single standard. The 
titrimetric method was modified to eliminate reagents required varticularly 
for the analysis of biological materials, and was sirmlified by using 
ordinary distilled water and ordinary C.P., chemicals without further 
purification. 


A method for the estimation of zinc using the same princivdle as 
that for lead and removing the excess dithizone by the method described 
by Hibbard (7) has been developed in this laboratory. ‘With this procedure 
the estimation of lead and zinc can be performed on a single sample of 
dust collected from air with only one standard for both determinations. 


Preoaration o* Sample “or Analysis 

The sample of fume or dust collected from the air is washed into a 
250 or 400 cc. pyrex beaker with the aid of about 10 cc. of hot concentrated 
nitric acid. If the dust or fume is caught with an electrostatic vrecivi- 
tator, the aluminum tube may be washed down with hot 5% nitric acid, followed 
by hot distilled water. The contents of the beater are evaporated just to 
dryness. Then 15 cc. of 1:1 hydrochloric acid is dlaced in the beaker and 
heated to boiling. This liquid is washed into a 100cc. volumetric flask. 
Zo the beaker is then added 10 cc. of 20% sodiun citrate solution and a OC, 
of 1:1 ammonia water, This is warmed and added to the volumetric flask. 
The beaker is then washed with two or three small vortions of hot distilled 
water, the washings being also added to the contents o”% the volumetric flask. 
After cooling to room temoerature, one cc. of 25% hydroxylamine hydrochloride 
solution and two droos of phenol red are added. “sing 1:1 ammonia water the 
pH is adjusted to about eight. The solution is again cooled to room 
temperature and made up to volume with distilled water. After thorough 
mixing to insure uniforsity, aliquots are taken for the estimation of lead 
end of lead and zinc. 


Analysis 
Reagents 
~- HN03, conc. 
Bek, 1:3 
- HCl, 1%. Reagent 2, diluted 20 fold 
.- Ammonia water, 1:1. 
Sodium citrate, 20% 
- Ammonia water, dilute. one cc. of Reagent 4, diluted to 250 cc. 
- Chloroform, 
- Hydroxylamine hydrochloride, 25% 
- Dithizone solution. Dissolve (by trituration) LO mgm, of 
diphenylthiocarbazone in 400 cc. of chloroform. Filter 
into a 500 cc. separatory funnel. Add 50 cc. of water 
and two cc. of Reagent 8. Shake well and keep in a 
cool, dark place. Draw off the reagent from the bottom 
of the funnel as it is needed, 
10 - KCN, 10% 
11 - KON, 0.5%. Reagent 10 is diluted 20 fold. Both Reagents 
10 and 11 imst be made fresh daily. 

12 - Phenol red, 0.04% in water. 

13 - Standard lead solution. Dissolve 1.599 gm. of sure, dry 
Pb (M03) in water with the addition of one cc. conc. 
HNO,. Make up to 10C cc. Dilute 10 ec. to 100 cc. 
and 10 cc. of this to 1,000 cc. Last solution contains 
0.01 mg, Pb per cc. Keep this solution in a pyrex 
bottle. The dilute solution “ust not »e more than 
five days old, 
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Estimation of Lead 
Extraction: An aliquot of the solution vrevared for analysis 
is delivered by pipette into a 125 cc. Squibb separatory funnel, for 
ease of manipulation, the aliquot preferadly should contain less than 
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50 micrograms of lead (one microgram = 0.001 mgm.). Then 0.5 ec. of 10% 
Kon end about 5 cc. of chloroform are added. The solution is diluted to 
00 to 10C cc. and successive portions of about 0.5 cc. of dithizone 
solution are added with shaking between adcitions of the dithizone vntil 
the latter is oresent in excess, A rovgh estimate of the quantity of 

leat in tne aliquot can be made by observing the volume of dithizone used 
to wroduce an excess, One cwbic centimeter of dithizone will combine with 
avproximately 4O micrograms of lead. The chloroform layer is withdrawn 
into another separatory funnel, and the aaueous ohase is washed with about 
e cc, of chloroform and a few drops of dithizone. 


Washing: The chloroform solutious are combined and washed at least 
twice by shaking with 1.5 volumes of 0.5% KCN each tive. After each washing, 
the chloroform layer is renoved and the aqueovs solution is washed with 
about ecc, of chlorofor:: and the chloroform solutions combined, The treat- 
ment with the 0,57 KCN removes the excess dithizone from the chloroform 
Solution. If, however, a large excess of dithizone had been used, 
additional washings «rith KCK will be necessary. In any case, the washing 
mst doe continued until the aqueows soltion is colorless instead of the 
brown which is the color 0? dithizone dissolved in aqueous potassium 
cyanide. 


Titration: The chloroform solution now contains only the red lead- 
dithizone complex. This is shaken with two volumes of one per cent HCl, 
This treatment decomposes the comolex, the lead entering the aqueous layer 
anc the free dithizone which had been combined wit” the lead remaining in 
Chloroform solution. he chloroform solution is drawn of%, the aqueous 
layer washed wit about 2 cc. of chloroform, and the chloroform solutions 
are combined, To the chloroform solution 0.5 volume of 0.5% KC!" is added 
ana the funnel is shaken. The dithizone distributes itself between the 
chlorofor: and aqueous layers, impartine a drown color to the latter. 
Dilvte standard lead solution is added from a burette, avout 0.1 cc. at 
a time, shaking between additions, The lead-dithizone comolex enters the 
chloroform solution as it is formed, When sufficient lead to combine with 
most of the dithizone has deen afded, the aqueovs solution will become 
almost colorless. The chloroform solution is then reuoved and discarded. 

_ The aqueous solution is washed with about 1 ce. of chloroform and 0.1 cc. 
of the standard lead solution. The chlorofor™ is withdrawn and discarded, 
This is repeated until the chloroform no longer turns pink, The endpoint 
of the titration is the burette reading be“ore the last addition of lead 
solution, 


The number o* cubic centimeters of lead solution used in the 
titration multiplied by 10 gives the quantity of lead, in micrograms, in 
the aliquot taken for analysis. 


Estimation of Zinc 
Extraction: A second aliquot of the solution which has been made 
up to a pH of about eight is laced in a 125 cc. Squibb separatory funnel. 
Pre‘erably this should contain less than 25 micrograms of zinc or its 
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eovivalest o* zine and lead, In this caso votassiun cyanide is not adfed to 
this solution. five cuvic centimeters of chloroZorn ané. small vortions of 
Cithizone are adied with shaking until the latter is »resent in slight excess, 
Tne chloroform laver is withdrawm and the aqueous laver is washed «ith a small 
portion of chloroform containing a few drops of dithizone. The two chloroforn 
solutions are combined, 


Washing: To remove the excess dithizone, tne chloroform laver contain- 
ing the leac. and zince-dithizone complexes is washed at least twice with three 
volumes cf dilute anmonia in each washing, Difficulty with emulsification 
will undovdtedly occur especially in the “irst washing. This may be overcome 
oy allowing the e:mlsion to stand, drawing ot: the clear c*loroform laver, and 
continuing this until the emulsion shows no signs of breaking “further, A small 
portion of chlorozorm, about one cc., is tren added, and the separatory funnel 
gently inverted several times, This will tenc to collect the fine droplets. 
Tiis should be reveated until the major portion of the chloroform extract has 
been removed, At this point, one or two ec. of chloroform nay be added to the 
aqueous solution, shaken and. alloved to settle. This is removed and added to 
the previous chlorofor= solution. It is inadvisable to wash the aqueous layer 
many times since dithizone distributes itself between chloro*orm and ammonia 
water, Zoo many washings may resvlt in a larze »ortion of the free ditnizone 
which had deen extracted deing returned to the chloroform. Less trouble will 
be had with the second washinz, As in the method for the estimation of lead 
the chloroform extract shovld be bright red ané¢ shovld show no sign of the 
presence of free dithizone. The last wash of ammonia water should %e color- 
less. 


Titration: The chlorofor: solution, which now contains both the lead 
ais. gine is treated with two volumes of one per cent HOl, Violent and pro- 
longeé shaking will ve required to break up the zine and lead complexes, 

The cithizone-containing solution is withdraw, treated with ©.5 volume of 
0.5% KCN, and is titreted with the same standard lead solution as is used 
ia the lead determination aie in ovrecisely the sane way. 


Sudtracting the volene in evrbie centimeters of lead solution vsed 
for titrating the lead cortaineG in the aliquot ta'eu for the zinc determine- 
tion from the volume used for titrating the lead and zine together, and 
miltiolying this difference or 3.15 will give the quantitv, in micro7rams, 
of zinc »wresent in the aliquot. 


Blaiik determinations: These should be ade to determine the lené and 
zine content of the water and reagents used in the analyses. ‘he blank 
values shovld de subtracted from those obtained in analyses o° sartoles to 
obtain the corrected results, 


Laboratory 3stinations 


Determinations on 31 solutions containing varying amounts of lead. and 
zine from 100 micrograms of lead and no zine to 50 icrograms of zinc and no 
lead were made, ‘These solutions were not evanorated to dryness with nitric 
acié as siven in the section on nrevaration of the sarple, but were introduced 
directly into sevarator’ funnels for analysis. The results of these analyses 
are given in Table 1. 
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The results of the analyses reported in Table 1 show that estisations 
within + 1 microgram of lead or of zine can be made when the aliauvot analvzed 
contains no more than 50 micrograms of leat or of zinc. The blank values 
used. are one microgram for lead and five micrograms for zinc. 


To test the first part of the procedure — the oreparation of the 
samjle for analysis as described above - three saimoles were made and 


evaporated to dryness with nitric acid. These sarmoles were prevared so as 
to contain: 


I- 50 micrograms lead and 120 micrograms zinc, 
II- 100 micrograms lead and 100 micrograms zinc. 
III- 50 micrograms lead and 20 micrograms zinc. 


Table 2. 
; | 
Aliquots | Found 
Saimple ta'cen (corrected | Error 
to contain for blank 


' 


Pb Pee Be ; Zn 

hicrograns Micrograns viicrograms 
I 30 36 | be 37 | oO 4 +1 
tf 30 o\ wo | S|. a 
III 20 a eee es | +1 


After evanoration to dryness, they were tazen wo with nydrochloric 
acid, and the remainder of t*e orocedure followed as previously outlined, 
Aliquots, not the same volume in each case, vere taken and analyzed for 
lead and zinc. The »lanks vsed for correcting the results are one 
microgram for lead end five micrograms for zinc, The results of these 
enalyses are »resented in Tadle 2. 


The results of the analyses resorted in Table 2 indicate that the 
initial eva»voration of the sanmole and its subseqvent prevaration for 
analysis do not lower the accuracy of the method, 


Interference by Other ietals 
Bismuth and tin: Bismuth and stannous tin give complexes with 


dithizone similar tc that given bv lead in the presence of cyanide. The 
initial evasoration with nitric acid converts tin to the stannic state in 
which form it does not interfere wit the lead analysis. ‘3ismuth is not 


Fd) 


commonly encountered in industrial funes excest where low melting alloys are 
orocessed. Unless much bismuth is »resent with the lead, it will be ex- 
tracted during the washing with votassium cyanide. 
Corner: In the absence of cyanide, conver will be extracted with 
dithizone along with lead and zine. Since soldering operations commonly 
involve the heatins of copper or comer allovs, a »vrocedure was evolved 
to eliminate interference by this metal when it is »resent. 


When the al'taline solution that has been prevared “or analysis is. 
extracted with dithizone in the absence o* cvanide, the chloroform soduiton 
will contain the lead, zinc, and cowser-dithizone comolexes and an excess of 
Tree dithizone. lnless an estimation of the conper present is to he made, 
tne extract is 1ot washed with ammonia water. The chloroform solution is 
sha‘cen with two different portions of one ver cent HCl, each twice the volume 
o% the chloroform. If a copver deternination is to be made, the chloroform 
layer is } kent; if not, it is discarded. The acid solution is Srought to a 
oH of about eight with 1:1 ammonia water, using ohenol red as the indicator. 

he lead, zinc, and residual copner is again extracted with an excess of 
od mal and the chloroform solution asain treated with hydrochloric acid. 
The acid solution is once more brought to a 0H of about eight with ammonia 
vater and finally extracted with dithizone in excess. The excess is washed 
out with dilute ammonia, the lead and zinc comolexes deco™posed with hydro- 
chloric acid, and the liberated dithizone titrated with the standard lead 
Solution in the presence of potassium cyanide. 


Usins this procedure the results given in Table 3 were odtained. 


Table 3. 
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Hibbard (7) recommends a single treatment with 0.5 17 hydrochloric 
acid for the sevaration of conper and zinc. Using the somewhat more dilute 
(one per cent) hydrochloric acid, we found that the copner-dithizone complex 
is decoimosed to some extent when it is »resent in large quantities. With 
Samiodle A, eight micrograms of copper was found in the first hydrochloric 
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acid wash. This was completelv eliminated with the second treatment. Lead: 
and. gine remain together during these operetionrs so that this treatment is 
used to determine the leac and zinc as a total, 


If copver is to de determined, the initial extract of lead, zinc, and 
Cop xr-aithizone complexes is washed with dilute ammonia to remove the excess 
free dithizone, After treating with one per cent HCl, the aqueous solution 
is retained for further treatment and used for the estimation of lead and 
zinc together as described above. The chloroform solution is shaken with 
0.5 volume of 0.5% KCN ana titrated with the standard lead solution. It is 
wanecessary to have the copner-dithizone complex decomoosed by acid as the 
addition of >xetassiun Cyanide will release the dithizone from the comlex 
for titration with lead, The difference between the volume of lead solution 
used in this titration and that used for the titration of leac and zinc 
together imltiplied by 3.C7 gives the quantity, of copper, in micrograms, 
oresent in the aliquot. 


Application of the Method 


: : 4 y i i i 1 

Table 4 gives typical results of air tests ade in e factory in which 

soldering of copxer and brass with a lead-tin solder using a flux containing 
zine anc atmonium chlorides is done. 


tio adpreciable quantity of copner was found oresent in these air 
Samples, “here brass is melted, as in foundries, there mav de coprer, zinc, 
and lead fumes oresent. The use of the procedurs descrired for eliminating 
the interference by copper will then be necessarv. 


saking air Samples as small as one cubic meter (35.3 cubic “oot) and 
using an aliquot representing 50% of the fume collected, an accuracy of 
0.02 mga, ser 10 cubic meter can be obtained in the analytical vrocedure. 
the accuracy of sawoling Dy most vrocedures is »rodably much lower than 
that odtainable in the analytical orocedure. The use of all pyrex glass- 
ware anc purified water and reagents could undoubtedly increase the 
accuracy of the chenical analysis, Dut in view of the inherent errors of 
Samling, it is vnnecessary to vse a more refined analytical vrocedvre, as 
More exact Sigures in the result would actually be without significance. 


Table 4. 
ee ee eee 
| ong Mae 
i Volume of } Concentration |found in air 

Sample air | 


samples Pb 
mgm, /10 jeu, m, 
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Summary 
1 - A titrimetric method for the esti-ation of lead, zinc, and coper, 
in samoles of dust and fumes collected from the air is described. 


e - This method consists in the extraction of the metal as a dithizone 
complex, removing the excess dithizone reagent, decomposing the complex, and 
titrating the liberated dithizone against a standard lead nitrate solution. 


3 - Analyses of solutions with know amounts of lead and zine disclose 
the accuracy and precision of the method to be 0.001 mgm. when less than 
0,050 agm. of these metals is present in the original sample. 


4 — The application of the method to industry is indicated. 


Bibliography 


1. Sholak, J., Hubbard, D.M.,, icNary, R.R. and Story, R.V.: Determination 
of lead in biological materials. Ind. Eng, Chem., Anal. Ed., 9, 
48S (1937) . 

2. Snell, ¥.D,, and Snell, C.T.: Colorimetric methods of analysis. 
Voluine I, pp. 186-206, 345-354. D. Van Nostrand Co., New York, 1936. 

3. Harrold, G.C., Meek, S.F., and Holden, F.R.: A practical method for the 
rapid determination of lead when found in the atmosvhere. J. Ind. 
Hyg. Tox., 18, 724 (1936). 

4. Clifford, P.A., and “Wichmann, H,S,: Dithizone method for the 
determination of lead. J. Assoc. Official Agr. Chem., 19, 130 (1936). 

5. EHubvard, D.li.: Determination of lead, A -rhotometric dithizone method 
as applied to certain biological material. Ind. Eng, Chem., Anal. Bd., 
9, 493 (1937). | . 

6. Horwitt, Mi.K., and Cowgill, G.R.: A titrimetric method for the 
quantitative esti ation of lead in diological materials. J.3iol. 
Chem., 119, 553 (1937). 

{. Hibbard, 7.L.: A dithizone method for measurement of small amounts of 
zinc. Ind. Eng. Chem,, Anal. Bd. 9, 127 (1937). 

8. #ischer, H., and Leopoldi, G.: Wachweis und Bestimmung kleiner 
Zinkwenger mit Dithizon, Z, anal. Chem,, 107, 241 (1936). 

9. Winkler, W.0.: Determination of small quantities of mercury in leafy 
vegetables by means of diphenylthiocarbazone (dithizone). J. Assoc. 
Official Agr, Chem., 18, 638 (1935). 


Ai tn 


IV, A MODIFIED mETHOD TOR THE DETaR.. TATION 
Of 32°ZOL IN AIR 


During the course of an investigation of acute benzol poisoning in 
three rotogravure printing plants in New Yor City, it was found necessary 
to collect and analyze large numbers of air samles for the estimation of 
Denzol concentrations in the air. In order to meet this need, a modification 
was cdeveloxed of the microcolorimetric method develoned at the Bureau of 
wines Ov Schrenix, Pearce and Yant which oroved very heloful to vs. This 
modi-icetion is being reported for the benefit o7 other workers in the field 
wi0 arr De faced with a similar situation. 


In the method described by Schrenk and his co-workers, (1) alternative 
proceaures are given for the collection of air samples. First, a measured 
amount of air may %¥e Slowly drawn into a dubdler tyvbe containing a nitrating 
mixtyre of fusing nitric and concentrated sulfuric acids. In their alternate 
mrocedure, a saimole of air ma de talcen in a gas collection bottle, returned 
to the laboratory, and then drawn throveh a nitratins ovbbdler at a very slow 
rate (about 20 to 30 ml. per “tinute), Both these »rocedures were found to 
.e impracticable in the handling of e larze number of samoles because they 
were time conswiing, and hence materiallv limite@.the number of samples that 
could be handled in a day, 


liethod Modified 

In our study the following modification of the Schrenk, et, al. method 
vas found to work satisfactorily < and to be well adanted to ovr >vrovlen, 
Saimoles of air were tai-en in sevaratory funnels, ranging in size from 400 
to S0¢ 1, The selection of *unnel size depended. on the height of concen- 
tration exsected, e.g., the greater the expected concentration the sivaller 
the funnel used, and vice verse. Previous to their use, the funnels were 
thoroughly degreased, and the stoocock and stopper were lubricated with 
STraonite, 


The air was drawn into the sevaratory funnel by means of a hand oump, 
Sufficient air was oumped through the funnel to insure proper sampling of 
the air, The closed separatory Sunnel with the air sample was then returned 
to the laboratory. All of the subsequent operations were conducted in the 
Sane senaratory funnel, thereby eliminating any error introduced by transver 
of material as reguired in the Bureau of :iines method. 


In ovr method, the seoaratory funnel containing the air sample was 
cooled. and two cc. of the nitrating mixture was introduced into the funnel 
torougn its stem, After closing the stopcoc’r, the interior of the seoaratory 
funnel was wetted by rotation end it was vermitted to remain on its side over- 
night. In the morning the funnel was immersed in a beaker o° ice water, the 
seimsle wes diluted with five cc. of water and then neutralized with 407% sodium 
hydroxide, A slizht excess of the sodium hydroxide was added, *ollowed by 
10 cc, of ethvl methyl ketone. The contents of the flask were shaken and 


wit 


and ater complete separation the aqueous layer was drawn off and discarded, 
ne ethyl methyl ketone layer was then run into a 50 ec. Nessler comparison 
tube anc 1.5 ec. of 40% sodium hydroxide was added, The co:marison was then 
made following the method of Schrenk and his colleagues. 


Taking an air sam le of 100 ecc., the estination of benzol in air can 
be mace with an error not exceeding 10 p.p.m. Taking samples of larger 
volumes the error can be reduced proportionally. 


As pointed out previously, it was necessary in our study to determine 
Denzol concentration in a large series of samples. By using this method, 
15 to 20 sammles could be analyzed simultaneously. Furthermore, with this 
procedure, high surges in concentration or the existence of dangerous 
pockets could be readily detected, The detection of these high concentra- 
tions indicated where imrovement in the existing ventilation system was 
required, or where additional units were necessary. 


A similar modification has been found aprlicable to the Bureau of 
ines method for the estimation of tolvol in air (2). 


a ee ee ee ee | 
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V. 2STL:ATION OF MERCURY IN AIR 


‘uercury is one of the toxic heavy metals which is n@ uncommonly en- 
countered in industry. The metal itself or its compoumus are found in such 
varied industries as the manufacture of amalgams, felt hats, explosives, 
pharmaceuticals, scientific instruments such as thermometers and barometers, 
electrical apoaratus, synthetic chemicals and dyestuffs, electrolytic products 
such as lye and chlorine, paints, and mirrors. In addition, workers engaged 
in or about dlants using mercury boilers, in laboratories or in factories 
engaged in the metallurgy of mercury or of gold, may be exposed to merevry 
in their industrial environment. 


Mercury is the only metallic element which is liquid at ordinary temper- 
atures. Some of its uses depend on that property. The boiling voint of 
mercury is rather low, 357° C. or 675° F. At this temperature the vapor 
pressure is 760 mm. The vaoor oressure decreases rapidly with a decrease in 
temperature but even at room temmeratures the vapor pressure is aporeciable. 
At 20° C, (68° F.) the vapor pressure is 0,001201 mm. of mercury (1). One 
Cubic meter of air saturated with mercury vador at this temperature contains 
13 mg. of the metal, This is considerably higher than the concentration 
generally considered safe for »rolonged exposure. In industry, dirt and 


grease frequently cover any mercury which might be spilled. Dirt and grease 


hamper the evaporation of the metal. Nevertheless, the exposure of the metal 
to the air may produce a hazardous concentration of this substance in the air 
to which eilovees are exvosed, 


lercury in the form of its compounds may be dispersed through air in 
the form of a fine dust, or it may be present as a compound adhering to some 
other air-floated material. This is esoecially true in the elt hat industry 
and in the preoaration of hair for the manufacture of felt hats. In these 
industries fine hairs containing mercuric nitrate are blown about through the 
atmosphere. These may be inhaled by workers and prove to be injurious. 


The estination of the concentration of mercury, in free form and in the 
form of its compounds, is a necessary procedure in evaluating the degree of 
toxicity of the air in an industry in which mercury is used or present. 


Mercury Vavors 


Mercury vapor in air may be caught by condensing the mercury by passing 
the air through a tube immersed in liquid air or cooled with solid carbon 
dioxide. The mercury is then estimated by depositing the metal electrolyti- 
cally on gold foil and weighing on a microbalance, or by collecting the 
mercury in a single droplet and measvring its diameter microscopically (2). 


A "ore convenient method for the estimation of mercury vavor in air is 
the apparatus devised by Mordlander (3). This instruvent (Figure 2) contains 
a fan and motor used for drawing filtered air at a measured rate through 2a. 
heated chamber. The air, heated to a temperature of 70° C., is allowed to 
imsinge on a strio of paper coated with selenium sulphide. The dar'ening of 


Me ' 


Figure 2. 


Nordlander apparatus for the estimation 
of mercury vapor in air. 
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the paper, caused by the formation of black mercuric sulphide, is a function 
of the quantity of mercurv in the air samoled for analvsis. ‘While any metal 
Siving a black or dark brown svlonide will affect selenium sulphide paver 
Similarly, actually, none other than mercury is sufficientlv volatile at 

_ room temperatures to give any anpreciable discoloration even after many hours 
of exjosure. By comparison with a series of standard papers the concentration 
of mercury vapor to as low as 10 parts per billion by volume, approximately 
0.08 mg. per cubic meter, in the air may be determined by direct reading, 


Another, more recently develoned, mercury detector depends on the 
scattering of the resonance radiation of mercury (ultra violet light with 
& wave length of 2,537 Angstrom units) by mercury vavor (4). The degree 
of opaqueness to light of this wave length of the air tested is a measure of 
the concentration of mercury vapor in the air. The estimation is made 
ohoteelectrically and gives a rapid reading of the mercury vapor content of 
air even to as low a concentration as one part per billion. Figure 3 shows 
& laboratory model of this instrument. This is an imorovement over the 
‘lordlander method since the latter apparatus will require several hours for 
an estination when the mercury content of the air tested is low. 


A similar instrument, designed to measure to concentration of 
certain organic vapors in air, can also be used for the estimation of 
mercury vapor in air (5). 


Mercury in Dust 


Mercury may be distributed in air in the form of dust. This dust 
Can consist of mercury compounds or of some substance to which metallic 
mercury or a comnound of mercury is adhering. To estimate the wercury 
content. of the dust in air, the dust is caught and collected by means of a 
Greenburg-Smith impinger or other satisfactory dust collector. If an 
impinger is used, the flask contains water or, if the dust is greasy, 
water and alcohol. Sufficient sample is collected to give the quantity of 
mercury reavired for an accurate analysis. 


The collected dust is nut into solution by aporopriate methods. If 
the dust is organic, it is dizested with nitric and sviphuric acids and 
potassium permanganate. To avoid loss of mercury by evaporation, a reflux 
condenser sust be used whenever mercury-containing solutions are boiled. 
The mercury present in solution say then be estimated electrolytically (6). 
If this method of analysis is vsed, sufficient dust should be collected to 
contain at least 0.3 mg. of mercury in order to insure an accurate estimate 
of the mercury contained in the sample. 


luodifications of “inkler’s dithizone method for nercury (7) have 
been used for the estixation of mercury in biological materials (8), (9), 
and by the Division of Industrial Fygiene for the estimation of this 
metal in air-borne dust and also in urine. An accuracy and orecision of 
0.005 mg. of mercury is readilv obtained “ith this method so that the: 
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Figure 3. 


Laboratory model of Woodson apparatus for 
the estimation of mercury vapor in air. 
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quantity of sample required for an accurate analysis mav be reduced to one 
containing as little as 0.05 mg. of mercury. The method employed here is 
described below. 


The sample of dust collected and washings from the collector are 
digested under a reflux condenser with about 25 cc. of concentrated nitric 
acid, 2cc. of concentrated sulphuric acid, and sufficient votassium 
permanganate until the organic matter is completely destroyed. liore 
permanganate and nitric acid may be added if necessary. The manganese 
dioxide and excess permanganate are removed by the dropwise addition of 
Superoxol (30% hydrogen peroxide). The dissolved oxygen is expelled by 
boiling. After cooling, about one-half gram of hydroxylamine hydrochloride 
is added, and the solution is extracted by shaking with successive portions 
of a chloroform solution of dithizone (diphenylthiocarbazone), containing 
e> mg. per liter, until it is »resent in excess, Dithizone solution is green; 
its complex with mercury is orange. 


The chloroform extract is treated with 50 cc. of water at 50-60° C., 
e cc. of five percent potassium permanganate solution, and 2 cc. of 1:1 
Sulphuric acid. The mercury passes into the aqueous solution. The chloro- 
form is withdrawn and discarded. To the aqueous solution is added sufficient 
10% sodium or potassium nitrite solution to react with the excess permanganate, 
The free nitrous acid left in solution is destroyed by adding about one-half 
gram of hydroxylamine hydrochloride and heating just to boiling. 


If large amounts of copper are present, the mercury may be inactivated 
by the addition of iodide ion. On reextracting with dithizone the covper is 
removed and the mercury is left in the aqueous solution. After the excess 
iodide is destroyed or the solution made ammoniacal, the mercury may be 
estimated by the titration procedure described below. ‘Small amounts of 
Copper will not interfere with the analysis for mercury since only a small 
percentage of the copper present will be extracted with dithizone from a 
solution sufficiently acid (pH 2) to permit complete extraction of the 
mercury present (10). 


The cooled solution is titrated in a separatory funnel with a carbon 
tetrachloride solution of dithizone containing about 12.5 mg. oer liter. 
This is added, a small portion at a time with shaking, vntil it is present 
in excess. Standard mercuric nitrate solution containing exactly 10 mg.. of 
mereury per liter is used for the back titration of the excess. The titre 
of the dithizone solution is determined each day it is used by treating a 
Solution containing 0.1 mg. of mercury as mercuric nitrate in the same 
manner as described for an unknown sample. All the reagents used must be 
as pure as it is possible to procure them, and blank determinations on water 
alone must be »erformed to determine the mercury content of the water and 
reagents used in the analytical procedure. The content of mercury in the 
reagents must be subtracted from that found in a samole to determine the 
Quantity actually present in the material analyzed. 


thes 


Analysis of industrial air for its content of mercury vaoor, and of 


mereury in the form of dust, if both are oresent, will give the total concen- 
tration of this metal in air to which workers are exposed. 


“e wish to thank the General Zlectric Co. for furnishing the 


photograohs used in this article. (Tigures 2 and 3) 
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VI, ABSORF] 10" OF GASES IN LIQUIDS 


In a previous articls in this series (1) general methods for the 
estimation of contaminants ja industrial air were discussed. It was then 
Stated that the vsual appro:.ct bv the chemist is to absord the contaminant 
in some suitable medium and then estimate the absorbed substance by svit- 
able quantitative chemical : et hods: gravimetric, volumetric, or colorimetric. 
Chemical methods for the es .j ation of the toxic substances usually 
encountered in industrial a.z have been described (2), but there has been 
little agreement among indy st ‘ial hygienists as to aoparatus for the 
collection of those air-borie materials which are best avsorbed in liovids. 


Gas-washing bottle: of the Drexel, Friedrichs, and iiilligan tyves 
have deen used for many ‘ree >g both for the drying and for the absorption 
of gases. More recently. “he use of sintered glass disks has added a new 
type of gas-washing bott.e, IPrausnitz in 1932 (3) listed a bibliography 
on the use of sintered ele 5 .zas-washing bottles-in gas analvsis. In this 
tyoe of absorber the bu’ >’ g of gas entering the liquid are mich smaller 
than in the older types. .he length of travel of these bubdles is, however, 
no greater than that ir tel rexel tvpe and therefore, much less than in 
the spiral types, 


The Drexel botsJe is 1 weh less efficient than the Friedrichs s»iral 
type, while the sinte-er,. glam and the Friedrichs bottles have about the 
Same efficiencies (4Y. Severs 1 variations of the spiral tyoe washing 
bottle with greater ef Jicienci es than those of the more conventional types, 
have been described ge F he sintered glass absorver can, however, hansile 
& caster stream of e3 and maizatain its 1igh efficiency without any large 
inerease in resiste re in the ages flow ft}, This feature is especially 
important where th: .oncentrat%,on of the zas to be absorbed is low. 


Desvite the choice of g@&s-washing Dottles which have been described 
above, special ga: absorbers have deen devised for specific estimations 
of toxic contamin v.ts in industetial air, sich as in the estimation of 
nitric oxide (7), ».enzol (8), aPtosgene (9). chlorinated hydrocarbons (10), 
(11), and other ¢2ses. 


Apparatus Use d in This Leborator 
While several of the sve cial absorters for snecifie contaminants are 
Deing used in this laboratory, it has been found that most of the saimling 
requiring absorption of gases in liavits covld be done with one tyne of 
apperatus, It was deened advisa ble, however, from considerations of 
rugzecness and economy, to standerdize on tm types of aonaratus. 


The first apnoaratus cons“sts of a 250 cc. glass-stopvered Drexel 
wash bottle with standard tamer ¢zround glass cunnections at the entrance 
and exit tubes, equipped with clapss hoolcs sealed at the connections as an 
@id in keeping joints tight when several bottles are used in series. A 
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Sintered glass disk with No. 1 porosity (German designation) is fused to the 
end of the gas entrance tube near the bottom of the bDottle., About 100 cc, 
of absorving liquid is used in each bottle. (Figure 4) Two or ore such 
Dottles can be connected in series without the use o* any ruober because of 
the ground glass connectors. This arparatus is used for those estisations 
in which contact between the air to be analyzed, or the medium used for 
absorotion and rubber, metal, or cementing materials is to be avoided, 

«ne disadvantages of this absorption apvaratus are the cost, which is high, 
and lack of flexibility because o* its all-glass connections. 


“or use with small volumes of liquids, this type of apparatus has been 
mace in one piece about seven inches high bv one inch outside ciameter, The 
Sround glass connections at the ends of the gas entrance and exit tubes are 
interchangeable but smaller than those on the larger anvaratus. Since the 
Sintered glass disk is smaller in Giameter, it is advisable to reduce the 
rate of gas flow through this absorber to about two-thirds than that through 
the larger apoaratus. From 10 to 15 cc. of absording liquid is sufficient 
in an absorber of this type. (Figure 44) 


The second anvaratus consists of a glass vial about Ym1/2 inches high 
by 1-3/4 inches outside diameter. This is fitted with a two-hole rubber 
stopper. The. gas entrance tube extends nearly to the bottom and ends in 
an Aloxite stones attached by means of some cement or by a rubber connection 
fitting over the metal nipnle with which some of these stones are sup»lied. 
About 35 ec. of absorbing liquié is »laced in each vial. (Figure 5) As 
many of these as are necessary are connected in series, This annaratns is 
very cheap to construct and has the additional advantage of flexibility of 
connection between absorbers, This aoparatus is used in all cases excent 
‘here the presence of rudder, metal, or cementing matorial interferes with 
the analysis, 


A modification of this type, which eliminates the presence of rubber 
and metal. consists of a Drexel bottle with an Aloxite stone cemented to 
the inner end of the gas entrance tube. If ground glass connectors are not 
Sealed at the outer ends of the entrance and exit tubes, inter*erence by 
rubber can be largely elininated bv carefully squaring the ends of the glass 
tubes and connecting them with a oiece of rubber tubing which permits a 
élass to glass contact. The cerenting material alone =mst then be selected 
So that it will cause no interference with the absorption anc analysis. 
Litharge and &lycerine, magnesiwa oxychloride, and vakelite resin are a 
few of the cements which may ne emmloved for this nurvese. This apoaratus 
is cheaner and enjoys most of the advantages of the all glass annaratus, 


Steen ‘ 2 i : ‘ 2 
z The sintered glass gas dispersion dis'ts may be made in the 


ledvoratory (12) and are now also manufactured in this country (29). 

Porosity B in those disks manufactured here aost nearly corres jond with 

“lo. 1 in those of foreign make. These dis'ts are now also wade by the 

Corning Glass Works. Their designation for the vorosity used by us is 0 (14). 


hi od: T x bY ‘In 
2 lanufactured by the Carborundun Co., “‘iagara Falls, “ew York, 
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In using these vieces of ecuinment for the absorption of gases from 
industrial air, it has been found necessary to use only two absorbers in 
Series when the air is run through at a rate of 30 liters ver hour. The 
length of time required for sampling depends on the concentration of 
contaminants encountered and on the precision and accuracy of the chemical 
analvtical method, The usual sampling tine varies from 20 ninutes to two 
hours, With the all glass aooaratus, an all glass flowmeter with a ground 
glass joint to fit those of the washing bottles aay be used on the down- 
streai side; any flowmeter connected with rubber tubing may be used oa the 
upstreax side. In the latter case, the flowmeter sust be calibrated to 
read in terms of flow of air at atmosoheric pressure although at that »oint 
the gas passing throvgh the flowmeter is at a oressure somewhat below 
atiospheric. The drop in pressure through each sintered glass disk is 
avout one inch of mercury when the air rate of flow is 30 liters per hour. 
The second type of absorption apparatus vsing Aloxite aeration stones is 
used’ with a flowmeter on the downstream side, The drop in ».ressure across 
each Stone is about 3 inches of »ercury with an air flow of 30 liters per 
nour. 


A case in which as many as five all lass absorbers in series can be 
carried and used in the field has been constructed for us. One end of the 
case holds a differential flowmeter which has deen calibrated to read in 
terms of flow of air at atmosoheric nressure when from one to five of the 
absorbers are on the downstream side. Similarly, we have a block in which 
we can insert one or more of the vials containing Aloxite stone gas 
distributors. A flowmeter is attached for use on the unstream side. 


The all glass apparatus is used for the estimation of hydrogen 
sulohide, carbon disulphide, these two gases simultaneously, acid vapors 
and mist, and ammonia, The anvaratus containing the Aloxite stone gas 
disperser is used for the estimation in air of methanol and other alcohols, 
formaldehyde and other aldehydes, and phenols, “hile the lists given are 
not complete, they represent those contaminants which we are most frequently 
called wpon to determine and wich require absorption of the gas in a liquid 
med iw, 


Complete directions for carrying out one analysis using each type of 
apvaratus by the methods used in the Laboratory of the Division of 
Industrial Hygiene are given below. 


Simultaneous Sstiiation of Hydrogen Sulphide 


and Carbon Disulvhide in Air 
Apparatus: Five all glass absorbers in series. 


The first three absorbers contain 100 cc. each of cadmium chloride 
solution (20 grams dissolved in 900 cc. water to which is added 20 cc. of 
0.5 1 sodiwa hydroxide). The last two absorbers contain 100 cc. each of 
C.1 U potassium hydroxide in anhydrous ethyl alcohol. 
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Air is drawn through the train at the rate of 30 liters per hour 
for about one hour, At the end of the samolins time, uncontaminated air 
is drawn through for an additional five sainutes to nrevent any possible 
entrainment of carbon disulphide in the “irst three vottles. 

Hydrogen sulphide: The contents of the first two absorbers are 
transferred to a glass stop.ered Srlenmeyer flask, The contents of the 
third are also used if the concentration of hydrogen sulphide is high. 
the edsorvers are first rinsed with water then with concentrated hydro- 
Chloric acid using 25 cc, for each 100 cc, of absorbent and water rinse 
collected in the flask, The rinsings are combined in the flask. Then 
25 ec. of 0,005 * iodine solution are rapidly added and the excess iodine 
is titrated with 0.005 F sodius» thiosulphate solution. Starch is used 2s 
an indicator to reach the approximate endpoint. The titration is continved 
until no color remains in a small volume of chloroform (about 5 cc.) when 
shaien with the solution being titrated. 


The sodium thiosulphate is standar@ized against standard notassium 
dichrotiate solution and the iodine is standardized against the sodium 
thiosulphate. Slanicts sust be rym on the reagents alone and this value 
allowed for in calcvlating the hydrogen sulahide: oresent. 


Calculation: One ec. of 0,005 i iodine is equivalent to 0.0346 ng, 
of 25. This quantit: of HS in 30 liters of air represents 2.0 parts ver 
million of air by volume at 25° C. and one atmosnhere pressure. 


the overall accuracy of the estimation is about 0.5 v.p.m. when 
testing air whose concentration of hydrogen sulphide is vithin the range 
of hygienic significance and a 30 liter samle of the air is taken. 


Carbon disulphide: The contents of each of the last two absorbers 
is made up to 100 ec. with alcohol. An aliquot of 40 cc. (less if found 
necessary) is withdrawn from each and placed in senarate 50 cc. Nessler 
coimperator tubes, To each is added 2 drovos of shenolvhthalein, sufficient 
acetic acid to make faintly acid, and 4 drops of 0.5 percent cvpric acetate. 
The contents of the tubes are mixed and the voluime made vp to the 50 cc. 
Mark with alcohol. Sinmiltaneously, a series of standards are made wp dy 
addins from C.1 cc, to 1.0 ec. of a solution of carbon disulphide in 
@leohol containing 0.25 mg. CSs per cc. to 40 ce. of alcoholic potassium 
hydroxide (0.1 N). Sach of these tubes is similarly treated with acetic acid 
and cuprie acetate, The yellow color of conver ethyl xanthate of the 
Wiimowns is compared with standards having the closest match in color 
intensity; a colorimeter is used for more precise results. 


Cakcvlation: 1.0 mg. CSs is equivalent to 10.6 p.o.m. of air if 
30 liters of air are sampled, 


The accuracy of the absorption and estimation is within 0.5 »9.p.m. 


of air if 30 liters of air containing a concentration of carbon disulphide 
of ‘ysienic significence are sainoled, 
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Dstimetion of #ormaldehyde in Air 
/ The anpoaratus used for this determination consists of two vials “itted 
with Alotite stone connected in series. Zach vial contains about 35 cc. of 
water. A flowneter on the downstream side is used to control the rate of 
air flow which shovld be 30 liters per hour, Samoling for one hour is 
usually sufficient for a determination. If the samoles are not to de 
analyzed within 24 hours, sufficient aldehyde-free ethyl alcohol is adced 
to make the alcohol concentration about 10% by volume. Comercial 
aalvdrous alconol without further puri*ication has been found satisfactory 
for this ocurpose, ue 


The sammles end rinsings from the vials are made up to 50 cc. each 
with water and are cooled in a refrigerator before the analysis. The 
reagents employed in the analysis are also cooled before used. A 2 ce. 

(or siualler, if necessary) aliquot of each is transferred to 50 cc. “essler 
comarator tubes, To each is added 4 cc. of 1% phenvlhvdrazine hydrochloride 
end. 2 cc. of 5% potassium ferricyanide. These two reagents should ve mace 
up the day thev are to be used. To each tube is then added 8 cc. of 
concentrated hydrochloric acid, the contents o* each tube mixed, and the 
volume made up to 50 cc. with water. Standards made up to contain 0,02 

to 0.5 mg. of formaldehyde are treated similarly. The tubes containing 

the stenderds and unimowns are vlaced in the refrigerator for ten minutes 

in which time a red-violet color develoos. The color intensity of the 
uninown is read in a colorimeter against the standard showing the closest 
match, and the amount of formaldehyde collected in each vial calculated. 


Calculation: 1.0 mg. of formaldehyde in 30 liters of air is 
€guivelent to a concentration of 27 ».p.m. by volume. 


The overall accuracy of this method for the collection and estiuation 
formaldehyde in air when it is »resent in concentrations of hygienic 
enificance is about 1 vart ver million. 
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Sstimation of Other Contaminants 

The all glass absorption system may be used for the collection of 
acid fumes and vapors (except hydrofluoric acid) using 1* sodium carvonate 
solution as the a»sorption medium. The estination nay be by any of the 
stendard chemical »rocedures for the quantitative determination of anions, 
but should be direct, rather than by estimation of the unneutralized sodiun 
carbonate. Loss of absorption “luid by mechanical entrainment would intro- 
duce a serious error were the indirect method. of esti ation used. 


wethanol in air is estimated b: bubbling the air through vater using 
the Aloxite stone absorbers. The estimation is made by oxidation of the 
methanol to “Sormaldehyde and the estimation of the latter by means of 
Schiff’s reagent (15). ‘The sensitivity of this determination is ahout 
G.2 mg. of methanol contained in a 25 cc. aliquot or about 10 p.p.m. when 
30 liters of air are sammled. Since the maximum ellowable concentration 
for orolonged exposure is usually stated to be 100 p.v.m., this sensitivity 
is adequate for hysienic surveys. 
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The other contaminants listed above are similarly absorbed in suitable 


liquid Media and estimated by standard quantitative chemical methods of 


analysis, All those mentioned have been found adequate for the analysis 
of industrial air and sufficiently precise to permit a determination of 
whether or not the environment is hazardous to the health of the employees 
in. the workroom, 
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VII, ESTIMATION OF HALOGENATED HYDROCARBO! VAPORS I] AIR 


Vapors o° helogenated hydrocarbons in air can be determined by the . 
various physical methods used for the general estimation of organic solvents 
in air. These methods include edsorption on activated charcoal (1) or on 
silica gel (2), condensation and measurement of the vepor tension of the 
reevajorated halogenated hydrocarbon (3), use of the interferometer (4), 
absorption of ultra-violet light (5), and other non-specific methods. Since 
these methods are non-specific, they cannot be used in the presence of other 
solvent vapors unless only a total vapor concentration is required. 


Trichlorethylene in air has been estimated by absorption in alcohol 
with subsequent color development by the addition of sodium hydroxide and 
pyridine (6). Methods for the determination of the concentration in air 
of methyl chloride (7), methyl bromide (8), and carbon tetrachloride (9) 
have also been described. Smyth (10) found that the combustion method 
described by Olsen and his colleagues (9) for carbon tetrachloride in air 
is also apolicable to the estimation of seven other chlorinated aliphatic 
hydrocarbons and chlorbenzene in air with efficiencies of 98% or higher. 
Tebbins (11) has adapted the combustion uethod for the estimation of 
chlorinated hydrocarbons to field use by making the instrument vortable. 
In this method the halogenated hydrocarbon is burned on a platinum surface 
in the presence of moist air, The products of combustion are absorbed in 
& solution of sodium carbonate and sodivm arsenite. The hydrogen halide 
is converted to sodium halide by the sodium carbonate; the free halogen, 
if any, is reduced to sodivim halide by the sodium arsenite. The total 
sodiun halide is then estimated by anv suitable standard quantitative 
procedure, usually volumetric or nephelometric, and the concentration of 
halogenated hydrocarbon in the air calculated from this result and the 
volume of air drawn through the combustion tube. 


A similar instrument has been used by F, R, lillhiser and W. F. 
Hemoerly for the estimation of chlorinated naphthalenes in air (12). 
Elkins and his co-workers (13) determine halogenated hydrocarbons by 
absorvtion in amyl acetate and then burning the solution in a modified 
sulphur lam apparatus. 


We use the method described by Tebbins for the estination of 
halogenated hydrocarbons with some structural changes. The instrument 
consists of a wood box, 9-1/2 inches by 11-1/2 inches by 19 inches high 
(Figure 6y. The box contains a rheostat, adsorber, drying tube, and 
flowmeter. Space is »rovided in the box for the combustion tube and its 
supporting bracket so that these may be included in the unit for carrying 
purposes, We prefer operating the instrument at an air sampling rate of 
0.75 liters per minute to prevent undue climbing of the liquid in the 
adsorption tube. Under such operating conditions we have found that the 
efficiency is 100% (within experimental error) for chlorinated aliphatic 
hydrocarbons but is only 80% to 85% for alpha-chlornaphthalene. Tebbins 
reported an efficiency of 98% or over for chlorinated aliphatic hydrocarbons, 
but only 91% for ortho-dichlorbenzene., Correction factors should be 
determined for the various halogenated compounds in the air to be tested 
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Figure 6. 


Combustion Apparatus Assembled For Use 
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and ao °lied when significant. The time of sampling varies from 10 minutes 
to one hour, depending on the concentration of contaminant exvected, and the 
method of analysis depends on the quantity of halogen absorbed, 


ete 


Bibliography 


1, Pieldner, A, D,, Katz, S. H., Kinney, S. P., and Longfellow, 3. S,: 
Poisonous gases from carbon tetrachloride fire extinguishers, 

J. Franklin Inst., 190, 5U3 (1920). . 

2. hoskowitz, S. and Burke, Wm, J.: Determination o* organic vanors 
using the method of ekebeptten: Ind, Bulls; 27, 168 (1938). 

3. Burrell, G, A., and Jones, G, “%.: Vavor pressure method for estinzating 
the échesntration of organic vapors such es gasoline in air. 

U. S, Bureau of Mines, Technical Paper No. 87 (1916). 

Couchman, C, BE. and Babikes, Ww, H,; A vapor oressure method for the 
estimation of” volatile solvents. J. Ind. Bys. Tox.) 2h, 256 (1939) « 

Kay, K,, Reece, G. M,, and Drinker, P. A vapnor-pressure @ method 
determination of concentration of some orvanic —, in air. 
ibid., 21, 264 (1939). 

Silverman, L. ,» Reece, G, it., and Drinker, P.: A new vapor pressure 
instrument. for determining organic solvents in air. ibid., el, 
270 (1939), 

4, Patty, F. A,: Calibration and use of the gas interferometer. iDid., 
21, 469 (1939). 

Rarrolé, G, C, and Gordon, B. B.: Use of interferometer for two 
component mixtures. ibid., 21, 491 (1939). 

5. Hanson, V, F,: A rapid photometric method for determining micro- 
quantities of solvent vapors in air, ead »efore the First Annual 
Meeting of the American Industrial Hygiene Association, “‘ew York, 

. June 190, 
6. Barrett, EH, .: The determination of trichlorethylene in air. J. Ind, 
Eyg. Tox., 1%, 341 (1936). 
{. Patty, F. A., Schrenk, H. H., and Yant, “. P.: Determination of small 
amounts of methyl chloride in air. Ind. Eng. Chem., Anal. Zd., 4, 
259 (1932). 

Busbey, R. L. and Drake, 4. L.: Détermination of small quantities of 
methyl bromide in air, ibid., 10, 390 (1938). 

9. Olsen, H, F,, Smyth, H. 7., Jr., Ferguson, G. E., and Scheflan, L,: 
Quantitative determination of the concentration of vaporized carbon 
tetrachloride, ibid., 8, 260 (1936). 

10, Siayth, H, 7., Jr.:” Determination of vapors of chlorinated hydrocarbons 
in air. ibid. 8, 379 (1936). 

11, Tebbins, B, D.; ‘Partavie combustion apparatus for field determinations 
of chlorinated hydrocarbons. J. Ind. Fyg. Tox., 19, 2 204 (1937). 

12, Drinker, C, K,, Warren, M. F., and Bennett, G. A.: The problem of 
possible systemic effects from certain chlorinated hydrocarbons, 
ibid., 19, 283 (1937). 

23. Sikine, HE. 2., Hobby, A. K., and Fuller, J. B.: The determination of 
atmospheric contaminants, I, Organic halogen compounds. ibid., 19, 


474 (1937). 


o 


The photographs used in this series of articles, with the exception of 
Figures 2 and 3, were prepared by Mr. S, . Seals. 


-35- 


VIII, DETERMINATION OF BENZENE 


Detection and Ustimation of Benzene in the Presence of 
Toluene, Xylene, and other Substances 


. 


The known chemical methods for the determination of benzene do not 
appear to be applicable in the presence of its homologs, especially toluene and 
xylene. The sulfuric acid-formaldehyde (4), nickel cyanide (7), dracorubin 
(2), levulose (10, 11), butanone extraction (13), m-dinitrobenzene reduction 
(5, 12, 14, 15), and Stenanow colorimetric methods (1) are not snecific for 
Denzene. Physical methods for detection of benzene, such as fractionation or 
ultraviolet absorption (3), likewise cannot be used to estimate the concentra- 
tion of benzene when it is mixed with unknown concentrations of other substances 
including its homologs. The method described below was developed in order to 
satisfy the need (6, &, 9) of being able to ascertain the presence and. concent- 
ration of benzene in mixtures of various materials as it is commonly encomtered 
in industry. 


Briefly, the method consists of nitration, extraction with ether, de- 
velopment of color with butanone and alkali in alcoholic solution, elimination 
of the color due to interfering substances by the addition of acetic acid, and 
comparison of the residual color, 


Benzene when nitrated in the manner described below is almost completely 
converted to m-dinitrobenzene, This cormmound when treated with butanone and 
Sodium hydroxide in alcoholic solution vroduces a crimson color, Tolvene, 
when similarly treated, is nartly converted to the dinitro compound and forms 
& Dlue color which quickly turns violet; xylene forms a relatively permanent 
deep blue color. After addition of acetic acid, the color cue to benzene remains, 
the colors due to toluene and xylene disapoear rapidly. Wo color is generated 
with the alivhatic hydrocarbons and their derivatives such as methanol, ethanol, 
ethyl acetate, isopropyl alcohol, butanol, butyl acetate, acetone, and similar 
substances found in such commercial products as paints, lacquers, solvents, and 
thinners, 


Reagents and Apparatus 


Nitrating mixture, equal parts by volume of fuming nitric acid, specific 
gravity 1.49 to 1.50, and concentrated sulfuric acid, specific gravity 1.8h, 


Sodium hydroxide aqueous, 1 volume of 40 per cent sodium hydroxide 
diluted to 4 volumes with distilled water. 


Sodium hydroxide alcoholic made by diluting 1 volume of 4O per cent ; 
Sodium hydroxide to 10 volumes with 95 ver cent alcohol and filtering just prior 
to use, 

Acetic acid, made by diluting 1 volume of glacial acetic acid to 10 


volumes with 95 per cent alcohol. 
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Butanone (methvl ethyl «etone), wractical grade. 


Set of test tubes of about 50-ml. capacity. These tubes should be of 
the same diameter (2 cm.) and equal transparency. A photoelectric colorimeter 
may be used if available. 


Pipets graduated to 0.01 ml. 
Procedure 


4 0.50-ml. portion of the solution to be analyzed is measured into a 
50-ml. Erlenmeyer flask. The flask is placed in a freezing mixture which con- 
sists of chopped ice and salt at a temperature of O° to -5§° 0, WMNitrating mix- 
ture from a buret is added to the solution at the rate of 2 drops per second 
while the flask is rotated. After 10 ml. have been added, the flask and. 
contents are removed from the ice mixture and 35 ml. of distilled water are 
added, 

The resulting mixture is cooled to room temperature and the nitrated 
hydrocarbons are extracted with ether, by shaking the mixture with 25 ml. of 
ether in a 125-ml. sevaratory funnel and repeating the extraction of the 
aqueous layer three times with 10 ml. of ether each, The ether layers are 
transferred into a 100-ml. volumetric flask. The combined ether solutions are 
poured into the separatory funnel and washed with 10 ml. of aqueous sodium 
hydroxide reagent, then consecutively with 2 portions of 10 ml. of distilled 
water. The washed ether solution is then returned to the 100-ml. flask and 
95 ver cent ethyl alcohol is added to make a total volume of 100 ml, A 10-ml, 
aliquot of this solution is pipetted into a 50-ml. volumetric flask and 95 
per cent alcohol added to the 50-ml. mark. 


A 10-ml. portion of the last solution is now measured into one of a 
set of similar glass tubes. One or more 10-ml, sarmoles of !mow concentrations 
of nitrated benzene made as above are also measured into other tubes of the 
set. To each are added 1.0 ml. of butanone and 0.50 ml. of alcoholic sodium 
hydroxide reagent. The tubes are agitated and after 5 minutes the colors are 
observed, Portions of 0.50 ml, of acetic acid reagent are now added to each 
tube. The tubes are again agitated and after 10 minutes the color is compared 
with that of the standard most closely approaching it in intensity. 


The comparison may be made as follows: A measured quantity of alcohol 
is added from a buret or pipet to the solvtion of greater intensity until both 
tubes match exactly. If the test solution has a vellow tinge, as is found when 
high concentrations of xylene are encountered, a dilute solution of sodium or 
potassium dichromate placed in back of the tube containing the known concent- 
ration is of considerable aid in matching the two solutions. The quantity of 
alcohol added must be taken into consideration. If after 2.5 ml. of alcohol 
have been added to the test solution, it matches the standard containing the 
equivalent of 10 per cent benzene, the concentration of benzene in the sample 


= ara x 10 = 12.1 per cent, 
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As aan alternative to the above, which may be called the dilution 
method of comparison, a set of standards of varying concentrations may be used. 
This is imown as the standards method of comparison, Standards-e. g., 12.0, 
12.5, 13 per cent, etc.- may be obtained from 15 or 20 per cent »venzene by di- 
luting the alcoholic solution of nitrated benzene with requisite volumes of 
alcohol, Butanone, sodiun hydroxide, and acetic acid reagents must be added 
to these standards at the same time and under the same conditions as in the case 
of the solution whose benzene concentration is to be determined, 


The intensity of color may be compared with the aid of an anvropriate 
colorimeter such as the Evelyn vhotoelectric colorimeter with filter No. 620, 
Readings are taken on the galvanometer scale 5 minutes after the sodium hydroxide 
Teagent.has been added (A), and again 10 minutes after the acetic acid reagent 
has been added (B). The concentration of benzene is then read directly on a 
curve previously plotted as concentration of benzene vs. light transmittance or 
readings on the galvanometer scale. If the difference in the two readings-i.e., 
B-A- is not very great, no correction is necessary. If, however, the dif- 
ference is considerable, an empirically obtained correction is apolied. If the 
reading 4 is 0, the color should be developed on a more dilute solution. This 
ilay be obtained by taking a smaller volume of alconol-ether solution-e. g., 5 ml, 
instead of 10 m1,.- and adding alcohol to a final volume of 10 ml. in the test 
tube before adding the alkali and acid rearents. This dilution must, of course, 
be taken into account in the comoutation. 


The reference curve which is used with the photoelectric colorimeter 
is plotted from the readings obtained on solutions of varying known concent- 
rations of benzene. These solvtions are prepared by diluting c.p. benzene with 
purified petroleum naphthe and treating them in the manner described above and 
under similar conditions. 


The analysis need not take more than 30 minutes. The nitration takes 
about 2 minutes. The dilution, coolins, extraction, and washing usually consume 
about 10 ininutes, since the stratification of the ether and aqueous layers is 
eromt. Little more than 15 minutes is required for the »roduction of color and 
the »rocurement of the necessary date when the photoelectric colorimeter is used. 
In the absence of a colorimeter, the additional time consumed in the use of 
standards is short. Once prevared, the standard solutions keep well when guarded 
from solvent evaporation by the vse of glass-stoppered flasks, They can be used 
for nuvierous analyses, since the withdrawal. of only 10 ml. is required for a 
determination, 


The curves in Figure 1, as well as in Figures 2 and 3, represent data 
obtained by measuring with the aid of a photoelectric colorimeter (Svelyn with 
filter “0, 620) the intensity of color developed by the procecure described 


above, All readings were taxen at temperatures au 5° = OU? OC, 


Curves 2, 3, 4, 5, and 7, when representinz solutions in alkaline media 
(broken lines, 5 to 15 minutes after sodiui: hydroxide reagent, but no acid, had 
been added) do not reach their maxima within 15 minutes. Curves 6 and % reach 
their maxima shortly before 5 minutes. Yowever, the rate of color develonment 
which is represented by the ordinates of light transmittance is considerably 
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decreased at the end of the 5-minute veriod. The rate of color deterioration 
in the acid media is suf*iciently low 10 minutes after the acid has been added, 
or at a total of 15 minutes after color development was started, to require no 
additional delay for taking final readings. 


Curve 1 in Figure 1 represents results obtained with 10 ml. o* a solution 
of 0,19C cram of Sastman Kodak m-dinitrobenzene in 100 ml. of solution of 95 
per cent U.S.P. ethvl alcohol. Curve 2 was derived from a solution prepared 
by nitrating 0,50 ml. of c.p. benzene, then adding 2.5 ml. of alcohol to 7.5 
ml, of its thousandfold diluted alcoholic solution and treating it with butanone, 
alkali, and acid, as prescribed. This solution contains an equivalent of 75 
per cent of vbenzene. Curve 3 was drawn from data obtained on a solution com- 
posed of 20 voluimes of c.p. benzene diluted to 100 volumes with purified 
petroleum nanhtha, Curve 5 was obtained by similar treatment of tolvene. Puri- 
fied petroleum naphtha, in all cases, was prevared by snaking commercial petro- 
leum navhtha and benzine with 100 per cent sulfuric acid to remove aromatic 
hydrocarbons, The oil was then washed with distilled water, dried with 
anhydrous »otassium carbonate, and distilled. Curve 6 was plotted with data 
from 15 ver cent of xvlene in »urified petroleum naphtha. Curves 7 and & were 
furnished, respectively, by solutions containing 20 per cent denzene plus 20 
ber cent toluene, and 20 per cent benzene plus 15 per cent xylene in purified 
petroleum naphtha. In this paper per cent specified is by volume, unless other- 
wise stated. 


The rate o* color development of benzene, when treated by the above 
erocecure, is rapid at first, then gradually diminishes. After addition of the 
acid reagent the color remains the same, though decreased somewhat in intensity 
(curves 2 and 3, Figure 1). The color formed with the solution of m-dinitro- 
benzene which corresponds in concentration to that given by 100 per cent ben- 
zene, if comsletely nitrated to m-dinitrobenzene, shows the same characteristics 
(curve 1, Figure 1). In contrast, the color of the toluene comolex develops ~ 
Slowly, does not reach the intensity »roduced bv equal concentrations of benzene, 
and fades rapidly after adding the acid reazent (curves 4 and 5). Xylene, at 
@ 15 .er cent concentration, almost instantaneously exhibits a color nearly 
&s intense as 75 per cent benzene, However, 15 seconds after adding the acid 
reagent, its blue color comletelv disanveared (curve 6). 


The slight interference resulting from the presence of toluene and 
xylene is illustrated by curves 7 and & in figure 1. In alkaline media, doth 
Curves differ considerably from curve 3, although they all contain 20 percent 
benzene, After the acid reagent is added, all curves rapidly assume the form 
Ziven by 20 per cent benzene despite the fact that one solution contains 20 
per cent of toluene and another 15 per cent of xylene in addition to 20 er 
cent of benzene, 


Varvinz concentrations of benzene, toluene, and xylene produce different 
colors and intensities of color when alkali reagent is added to the alcoholic 
solutions of bDutanone and the nitrated comoounds. The contrast detween benzene 
on one hand and toluene and xylene on the other becomes much more pronounced 
after the acetic acid reagent is added, This is illustrated in Figure 2, 

The Sroien lines here reoresent results 5 minutes after the sodium hydroxide 
reagent had been added. The solid lines represent results obtained 10 minutes 
after the acetic acid rearent had been added or a total of 15 minutes after 
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color development had besun. Curves 1 and 3 demonstrate the resemblance of the 
xylene to the benzene reaction when in alkaline media. This resemblance is 
practically nullified 10 minutes after the acetic acid has been addedy Benzene 
largely retains its properties- i.e., of an exonential curve y = ae” (curve 
yy figure 2)- whereas the curves for: toluene and xylene are transformed into 
straicht lines located at the lower section of the graph. 


the concentration o” either toluene or xylene can also be deterviined 
by this method, provided only one of these and no benzene or other chromogenic 
Compound is present. Better results, however, in this case are odtained when 
the color comparison is made 5 minutes after the sodium hydroxide reagent has 
been added, and the broken line curves in Figure 2 are used. 


ixtures of these compounds can thus also be qualitatively ascertained, 
4 solution of benzene and toluene sives a ourplish violet color, whereas a 
solution of benzene and xylene gives an opaque violet color, After addition of 
the acid reagent the crimson color eradually appears in the case of benzene and. 
toluene, whereas it almost immediately emerges in the case of benzene and xylene 
solutions, On observation with the wneaided eye, the intensity of color in¢icates 
the concentration of chromogen. “hen the vhotoelectric colorimeter is used, 
wide differences between the 5- and 15-minute readings indicate high concent- 
rations of either toluene or xylene or both. “he character ant vosition of a 
curve plotted as light transiittance vs. tine will indicate the concentration 
of either toluene or xvlene or both. 

4 

Curve 4 of Figure 2 is the reference curve mentioned under Procedure 
above. Figure 3 shows this curve »roken up in four sections plotted on three 
difverent scales for the abscissa, This wags necessitated by the fact that 
the constants a and of the curve y = ae~ are applicable for linited sec- 
tions 0° the curve. The formla y = mz + b or a straight-line “unction, 
actually describes some sections of the curve best. Turthermore, the use of 
the curves in Figure 3 facilitates readings of benzene concentrations with 
an error no greater than the maximun error inherent in the wanipulations. 
The complete curve is shomm at the lower right corner of the graph. The con- 
olete curve obtained from similer treatment of ¢.p. toluene vas inserted here 
for comparison. In view of the fact that the benzene curve rises very sharply- 
i1,e., the difference in color intensit; for a given increvent of benzene is 
greater-from 0,01 to 30 ver cent of benzene this rance vas plotted in the form 
of three different curves. The section for 25 to 100 per cent of benzene was 
plotted on a fourth curve to a scale coarser than that of curves 3, 2, and l, 
but finer than the similar curve in Figure 2. 


Checking of Method 
In order to ascertain the accuracy of the method, solutions containing 
different concentrations of benzene and other substances were prepared. The 
results odtained are shown in Tahles I to IV. 


The standards used for visual comparison of the test solutions in 
Table I vere those corresoondinz to 0.2, 1.0, 5.0, 10,0, 20.0, and 50.0 per 
cent benzene, The standard used in each case was that most elowe Ly approeching 
in color the test solution. In the case of os. 1, 2, 4, 5, 9 and 11 a small 
quantity of alcohol peradvally added to the test solution produced a color that 
matched the standard. Alcohol greater than this quantity reduced the intensity 
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TABLES I, DETIRINATIC! Os BHNZONE BY DILUTIO:’ »STHOD 
OF C0: PARISON 


Composition of Samples 


nn} 


Sample Benzene 
No,’ Benzene Toluene Xvlene Other Found HEvrror Error 
Yolume per cent Fels va 
i 15.0 25.0 Aa ve 77.0 2.0 2.7 
2 50 .0 20.0 30.0 oe 50.8 0.8 16 
“f 4O .0 60.0 iF Pes 39.8 ~0.2 0.5 
30.0 70.0 vc 30.7 Cit Rad 
Petroleum 
naphtha 
y) 25.0 25.0 25.0 oO ON ote Oe 
6 20 .0 “a 0,0 ne 19.7. (O28 
t 10.0 90.0 m es 10,0 0.0 0.0 
6 5 .00 95.0 - ae 5.00. 0,0 Gf 
9 1,00 oh A 99.0 1.00 0.0 0,0 
Butyl 
acetate 
10 1,00 10.0 69.0 20.0 1,04 0,04 4,0 
11 0.25 is ea 52.50 0,24 -0.01 4,0 
Bthyl 
acetate 
25.85 
Isobutyl 
alcohol 
21.40 
Petroleum 
navhtha 
12 0,20 7 aw 99.80 0,19 wel ae 
TABLE II, DETORUTIATICN OF BENZENE BY STANDARDS 
METHOD OF COMPARISON 
(Standards used: equivalents of 1 to 10% benzene by volume) 
Composition of Samples 
Sample Petroleum Benzene 
No, Benzene Toluene aylene naphtha Found Error Error 
| Volume per cent. Vo1l.% Vo1l.% ~% 
. 50.0 50.0 ca ‘i OD: 0,0. O08 
2. 40.0 60.0 ne ee 39,0 “#10 2,5 
cm 30.0 : 70.0 up ee 
e 20.0 hy Z0.0 a o.0% 06 O06 
5 10,0 90.0 Ry ‘% 10,0 68:6 
6 10.0 ve ee 90.0 9,9": “Oot 3,0 
i 5.00 95.0 i S008. 0.0 
8 3.00 = 97..0 ie 210 «Ok 3,4 
9 2.00 98.0 i ve £0 Oe Oye 
10 1.00 99.0 Pe ap i Bae ae 
11 1.00 99.0 ae i 1,05 0,05 4,0 


*Diluted 10 times with alcohol before 3 ai 
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TABLS TIT, DBT RMICATION O° ANNZET VITE PHOTONLECTRIC COLORIMETS 


Composition of Samples ——“CéCB@n ZN Fon 
Samole Fetroleum As read Cor- 
Mo, Senzene Toluene Xylene Naphtha Other on curve rected Error Error 
Volume ver cent Vol.% Vol.% 4 
1 15.0 25.0 ree ee PP ee ao oe O.3 0,8 
2 50.0 ki ee 50.0 den Gove pas 0.2 0,4 
| Butyl 
acetate 
é 5.00 40.0 10.0 5.00 4O.0 5.08 4.99 «0.01: 0.2 
2.00 50,0 4g .0 ve vee 2.29 2.02: OF ane 
p 1.00 99.0 oe eS eas Hs 0,69. s6.01 i.e 
6 eee ays viens ee B25. 0,25 ‘ints 0,00 0,0 
Ethyl 
acetate 
25,85 
Isobutyl 
elcohol 
21.4 
T 0.050 gals ae 80.0 4.28 0,065 0.055 0.005 10.0 
Butyl 
acetate 
10 ,50 
cs Ethyl 
acetate 
51/ 
g C.010 0.06 0.03. 4i.6 4.00 0,030 0.020 0,01 100 
Butyl 
acetate 
5.00 
Tsobutyl 
alcohol 
4,00 
Acetone 
5.00 
TABLE IV, DBSTERL.ITATION OF BPIZENE WITH PROTOSLECTRIC COLORIMMTER 
Dilution X 10 (10,000 total) 
Composition of Samples | Benzene Found 
Sample Petroleum As read Cor- 
No. Benzene Toluene Xylene Naphtha Other on curve rected Error Srror 
Volume ver cent Vol.4% Yol.% 4% 
1 15.0 25.0 ‘cs Pe cis oh 14,9 O10 03 
e 50.0 20.0 30.0 hy 5.16 50.1 0.10 0.2 
5 25.0 25.0 25.0 25.0 re A 24.9 -0.10 C.4 
Acetone 
u 20.0 A oe i ei T5098 TG 
at ee 0 LO. 20,0 20.0 as 2.19 19.8 -0,20 1,0 
6 10.0 90.0 ne Bek ie 1,00 10,0 0,00 0,0 
1 10.0 es. 90.0 see ‘ie p rao 8 9, 70-0 .30 3.0 
g 1.00 ~~ 85.0 14.0 ae ea 0.305 1,05 0,05 * 5.0 
Butyl 
acetate 
9 1.00 50.0 10,0 9,00 3 0,250 1.00 0,00 0,0 


a 


he + a 


of color, The formula used in these cases was B = jo S, where B = volume 


yer cent of benzene, S = benzene concentration of standard used, and a = ml. 
of elcohol added to match the color of the standard solution. In the case of 
Vos. 3, 6, and 12 the standards had to be diluted. The formula used in the 
latter case was B = i Ss 
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Table II illustrates the results obtained with test solutions compared. 
br the alternative visual method of standards comparison. A series of stand- 
ards corresvonding to the range of 1 to 10 per cent benzene with unit intervals 
wes Tirst used. The color was then reproduced simultaneously with. ‘several 
standards of concentrations with increments corresponding to C.1l per cent of 
benzene varying from the standard most closelv matching the test solution. 

Whenever the concentration of the test solution appeared to be greater than 
19 per cent benzene, the test solution was diluted tenfold with alcohol, the 
Color redevelooed, and the comparison repeated. 


The determinations listed in Tables III and IV were made with the aid 
ox the grach in Figure 3. The errors foun? when differences in readings be- 
tween the 5- and 15-minute intervals were considera»vle were greatly minimized 
by the use of empirically derived corrections. The correction apolied in Table 
IV as well as the final results was multiolied dy 10, since the test solutions 
were diluted sae eae The formla used in comoutation for the series in Table 
III was benzene 4 = C - (B - A - 25) 0.005; the formula used for the series in 
Table IV was benzene es = 10(C - (B - A - 25) 0.005). C is benzene ver cent 
corresponding to reading B on galvanometers. 3B and A are as given under Pro- 
cedure, 


Accuracy and Sensitivity 


the presence of vetroleum naohtha, ethyl acetate, outvl acetate, iso- 
butyl alcohol, acetone, toluene, and xylene did not interfere with the determin- 
ations of benzene in the exneriments tabulated. Reasonable accuracy, with a 
Mean error of 1.6 per cent, was attained when the intensity of color produced 
was matched without the aid of a colorimeter. Greater accuracy was attained 
with the aid of a nhotoelectric colorimeter where a mean error of 0.9 per cent 
for a sinilar ranze of concentrations was in evidence. Concentrations less than 
0.2 per cent benzene covld not ve determined with the naled eye, whereas con- 
centrations down to 0.01 per cent benzene could be determined by the use of a 
ohotoelectric pears reaver. The errors involved at concentrations less than 0.2 
per cent benzene, however, were considerable and amounted to 10 ver cent at 
0.05 ver cent venzene and more at lower concentrations. 


The 10-ml. aliquot of solution used for color development represents 
C.01 ml. of the sample of 0.50 ml. taken for analysis and diluted to 100 X 5, 
Since hy Ol. per cent benzene can be detected, the method anvears to be sensitive 
to 1 X 10-£ mi. or 8.8 X 10~” ig. of dDenzene. By visual comparison, in the 
Ut cia of a photoelectric colorimeter or ween an error above 1 per cent is 
not »oermissible, the sensitivity is reduced to 2X 10— mi. oF 1.8 X10" 
of benzene, 


The concentration of benzene vapor in air may be determined bv the above 
method efter the vanor has been trensformed from the gaseous to the liquid phase. 


welt Ba 


This nay be accomplished bv afsorbing or dissolvins the vapor in vetroleum 
naphtha or alcohol, The concentration of benzene in the resulting solvtion 
may then ve determined as prescribed, Without diluting the ether extract, but 
using the total nitrated material in alcoholic solution, &,8 X 10—" 2. or 

0.27 ».o.m, may be detected on a saimle of 1 liter of air. Concentrations o: 
1.8 X 10g. per liter of air or 5.6 p.p.m. may be determined with an error 
less than 1%, By sampling 10 ml. portions of air, concentrations down to as 
low as 5.8 X 10g. of benzene ver liter of air or 27 »v.p.m. shovld be oossidle 
of detection, The significance of this may ve realized when it is verceived that 
Quikerous samples of air may be talcen in a comparatively short time and that 
Many small portadle containers may be used, 


Sources of Error 

The »roducts formed on treating benzene with nitrosulfuric acid depend 
not only on the volume of acid used and the temoerature surrounding the sol- 
ution but also on the rate of adding the acid, The heat formed in the reaction 
mist be allowed sufficient time to dissipate, Too raoid addition of the nit-. 
rating acid tends to form undesirable by-pvroducts with oa lower yield of m-cdinit- 
rovenzene, 

m-Dinitrobenzene is soluble in ether to the extent of 6.7 grams per 
100 ml. at 15° ©. It is soluble in water to the extent of 0,047 gram per 10C ml. 
at 15° C, Although most of the nitrated como0und enters the ether laver on 
extraction, some of it tends to remain in the aqueous layer, The favorable 
distribution of m-dinitrobenzene between ether and water is provably adversely 
affected by the imtual miscibility of the two solvents. However, even with this 
effect, a single extraction micht be sufficiont were it possible to sevarate the 
two whases completely. To ensure reasonably coimlete extraction, four ether 
extractions are made, and only small volumes of water sre used to wash the ether 
extrect, 

Increase in temperature, as is often the case in chertical reactions, 
hastens the production of color in alkaline media and ths disaovpearance of 
color in the acid media in the case of the dinitrobenzene as well as the nitrated 
toluene and. xvlene, Light also has sone effect on the rate of color develop- 
ment and deterioration. Tie temerature should be within O.4° C., and light 
conditions and the time elapsed shovld all be the same when the readings are 
taken with the vhotoelectric colorineter as when the reference curve was pre- 
pared, “hen the color is compared dv visual insvection, the wnimow and 
Standard are subjected to the same con@itions and the effect is the same on 
all sclutions. A series of nermanent standards made from dyes or inorganic 
Salts is not recomended because this wovld be anplicable for only one given 
set of conditions, 

The sensitivity of the individual observer to fine gradations of color 
and color intensity vill influence the maznitude of error resvltin; from visval 
color coitwparisen, This personal error, which inevitavly accompanies all colori- 
metric deteriinations, may be eliminated bv the vse of the »hotoelectric colori- 
meter, 

The photoelectric colorimetric deterrinations listed in Tables I and. II 
show mean errors of 0.4 and 1.2 per cent resnectively, for concentrations above 
0.2 wer cent of benzene. The lower apparent accuracy in Table II is not due so 
much to the added manipulation of additional dilution as to the resultant de- 
crease in benzene concentration of the test solutions, This dilution, neces- 
Sitated by the fact that the solutions tested developed too intense a color in 
the % 1000 dilution, may perhaps be obviated by the suvstitution of a more ap- 
propriate filter than that used in the above experinents. 
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Since the calvanometer scale use’ can be read only to the nearest 0,25 
division, the accuracy of the os .neratus is limited in the presence of very high 
or very low concentrations of chromogen. “he probability of en ervor of e yer 
cent in 95 per cent benzene, for example, is high, even if all precautions are 
cerefully taken. In the case of high transmittence or low concentrations of 
benzene, an experimental error of the magnitude of 0.005 per cent may produce 
an error of 10 per cent in material containing 0.05 ner cent benzene, It would 
thus seem advisable to read the concentration of benzene at light transmittance 
between 20 and S0 per cent in order to avoid the upper and lower extremes of’ 
the reference curve. his may be attained by adjusting the dilution of the test 
solution after a preliminary determination. 


Summary 
A method developed for the estimation of benzene in the presence of 


toluene, xylene, and other substances reouires little material for analysis, is 
rapid, and is sensitive to 3.8 X 10-” g. of benzene. 


Concentrations varying from 0.25 to 75 per cent of benzene by volume 
have been determined with a mean error of 0.9 per cent. 


The method may be used for the determination of small air samples. 


leans for the identification of toluene, xylene, and benzene have been 
given, 


The accuracy of the method, the sources of error, and the precautions 
to be taken in order to minimize the effect of the errors are discussed. 
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Figure 1. Rate of Color Development and Deterioration 
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Figure 2. Relationship of Concentration To Intensity of Color 
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Figure 3. Reference Curve For Photoelectric Colorimeter 
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